Background: Long-term blood pressure (BP) control is challenging due to the asymptomatic nature of hypertension and poor treatment adherence among patients. We conducted a post hoc analysis to assess "target BP" attainment and maintenance and to identify their associated factors in a sample of hypertensive Middle Eastern patients. Methods: We previously conducted an observational study between May 2011 and September 2012 to assess antihypertensive treatment adherence and its determinants in a sample of 1,470 hypertensive patients in Lebanon and Jordan. The study consisted of 3 visits: at baseline, 3 months, and 6 months, where BP control, health-related quality of life, and treatment adherence were assessed. This post hoc analysis of data from the ADHERENCE study examined BP control in terms of target attainment at 3 months and 6 months, and target maintenance at 6 months in treatment-eligible patients as well as the determinants of BP control including the impact of the new JNC8 (Eighth Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure) guideline on treatment eligibility and target BP attainment in these patients. Results: Based on JNC8 definitions, our results revealed that 81.2% of patients achieved BP control at 6 months. At 3 months, 62.2% achieved BP control; of those, only 57.5% maintained BP control till 6 months. Factors associated with higher BP target attainment at 3 months were higher educational level, new hypertension diagnosis, older age, and lower waist circumference, systolic BP, and diastolic BP at baseline. Factors associated with higher BP target attainment at 6 months were Lebanese nationality, new hypertension diagnosis, absence of chronic kidney disease, lower systolic BP at baseline, reaching BP target at 3 months, and having a BP target of <150/90 mmHg. Conclusion: Older age, higher education levels, recent hypertension diagnosis, early achievement of target BP, and having milder disease at baseline were associated with better BP control. Moreover, JNC8 guideline reduced the number of treatment-eligible patients and increased BP target attainment. Keywords: blood pressure control, JNC8 guidelines, JNC7 guidelines, adherence, Lebanon, Jordan, hypertension
Introduction
Hypertension is the leading cause of cardiovascular morbidity and mortality worldwide. 1 According to recent estimates, hypertension affects one billion individuals worldwide and is deemed responsible for nine million deaths every year. 2 The prevalence of uncontrolled hypertension ranges between 45% and 81% in hypertensive patients in different countries. 3, 4 Epidemiological studies linked uncontrolled hypertension to increased rates of ischemic heart disease and stroke. 5, 6 Likewise, several meta-analyses submit your manuscript | www.dovepress.com
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alhaddad et al have shown that lowering blood pressure (BP) reduces the risk of major cardiovascular events in younger and older adults. 7, 8 Despite the advances in antihypertensive drugs, achieving long-term BP control is challenging owing to the asymptomatic nature of the disease and lack of adherence among patients. 9 Poor treatment adherence increases the risk of hypertension complications and the financial burden on healthcare systems. 10 Variable rates of treatment non-adherence were reported among elderly outpatients, ranging between 29% and 59%. 11 In the same vein, we previously conducted an observational study on 1,470 hypertensive patients in Lebanon and Jordan to measure their adherence to antihypertensive treatment (the ADHERENCE study). 12 Our results have shown that only 55.9% of evaluated patients reported adequate adherence to antihypertensive medications. Furthermore, we identified several factors associated with non-adherence, including poorer quality of life, being divorced/widowed, and having uncontrolled BP at end of study, while older age was associated with better medication adherence. 12 Several guidelines have been developed to guide hypertension treatment in terms of treatment eligibility (initiation) and target BP in different patient populations. In 2003, the JNC7 (Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure) guideline was released, recommending that the target of BP control should be <140/90 mmHg in all hypertensive patients except those with diabetes or chronic kidney disease (CKD), for whom the target should be <130/80 mmHg. 9 However, in the following years, several clinical trials were published, highlighting the need for a simpler and less strict classification of BP. 13, 14 In 2014, the JNC8 (Eighth Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure) guideline was published, driven by a systematic review of clinical trial evidence, and stated that BP control target should be <140/90 mmHg for all patients except those older than 60 years with no diabetes or CKD, in whom the target should be <150/90 mmHg. 15 Using the same data of the ADHERENCE study, we performed this post hoc analysis to study "target BP" attainment and maintenance and the factors affecting them, including the impact of the new JNC8 guideline on treatment eligibility and target BP.
Methods
The primary aim of the ADHERENCE study was to assess antihypertensive treatment adherence and its determinants.
The detailed methodology of the study including study design and data collection is described in the published article by Alhaddad et al. 12 The study was of an observational nature, performed between May 2011 and September 2012 in Jordanian and Lebanese hospitals and private clinics. It collected data for the 1,470 enrolled adults who were newly diagnosed with hypertension or have been uncontrolled after 6 months or more of antihypertensive treatment. The study was conducted in accordance with the Declaration of Helsinki. All participants signed a written informed consent before study entry and the study protocol was approved by the Institutional Review Boards of the American University of Beirut and the Jordan Hospital.
Patients' data were collected at three separate visits: at baseline (inclusion) and two follow-up visits at 1-3 and 6 months. Collected data included patient sociodemographic, clinical, and disease-related characteristics. Adherence was assessed using Morisky, Green & Levine Scale 16 and healthrelated quality of life was assessed using The Hypertension Quality of Life Questionnaire (MINICHAL). 17 Blood pressure and anthropometric measurements and cardiovascular score (CVS) were assessed at every visit. In the previous analysis, treatment eligibility and BP targets were defined based on the JNC7 criteria. However, in the current analysis, the determination of treatment eligibility and BP targets were based on the JNC8 guideline, ie, the cutoff limits for treatment eligibility were systolic blood pressure (SBP) ≥140 mmHg or diastolic blood pressure (DBP) ≥90 mmHg for all patients, except those ≥60 years of age with no diabetes or CKD diagnosis for whom the limits were SBP ≥150 mmHg or DBP ≥90 mmHg.
Outcome measures
Based on the JNC8 criteria, target BP was defined as SBP <140 mmHg and DBP <90 mmHg in all patients except those ≥60 years of age with no diabetes or CKD diagnosis for whom the target was set at SBP <150 mmHg and DBP <90 mmHg. The primary outcome in the current analysis was the percentage of patients reaching and maintaining target BP at month 6 (the patient is on-target at the 3-and 6-month visits). Secondary outcomes in this analysis included 1) the percentage of subjects reaching target BP at 3 and 6 months; 2) the determinants of reaching target BP at each visit; 3) the determinants of maintaining target BP (based on analyzing only patients who were on-target at the 3-month visit); and; 4) the impact of the new JNC8 guideline on treatment eligibility and target BP attainment in hypertensive patients. 
Results
Descriptive analyses
According to JNC8 guideline's classification, 1,424 hypertensive patients (96.9%) were considered as treatment eligible and were thus included in this study, while 98.0% of patients were considered as treatment eligible in our previous analysis that was based on JNC7 guideline's classification. Of the total study population, 822 patients (57.7%) were male. The mean age of our population was 54.2±12.1 years. The majority of patients (79.8%) were married and 617 patients (43.3%) were newly diagnosed with hypertension, while 807 patients (56.7%) had uncontrolled hypertension. As for comorbidities, 28.4% were diabetic and 8.6% had CKD. The baseline characteristics of treatment-eligible patients are detailed in Table 1 .
According to the JNC8 criteria, 83% of patients had a BP target <140/90 mmHg and 17% of patients had a BP target <150/90 mmHg. The cardiovascular disease (CVD) risk categories at baseline and follow-up visits are detailed in Table 2 . Based on Morisky, Green & Levine Scale, 37.6% of subjects were classified as adherent at follow-up 1 (FU1), while 55.7% were classified as adherent at follow-up 2 (FU2). The mean MINICHAL score decreased from 14.2±8.7 at baseline to 9.8±8.1 at FU2 ( Abbreviations: BP, blood pressure; FU1, follow-up 1 (month 1-3); FU2, follow-up 2 (month 6, end of study).
sixty-seven patients (57.5%) reached their target at month 3 and maintained it till month 6 ( Table 3) . The mean systolic/diastolic BP significantly decreased from 160.4/96.6 mmHg at baseline to 128.4/80.0 mmHg at FU2 (P<0.001). Moreover the mean weight was significantly reduced from 85.4 kg at baseline to 83.5 kg at FU2 (P<0.001) and the mean waist circumference (WC) significantly decreased from 98.3 cm at baseline to 96.6 cm at FU2 (P<0.001). The descriptive details of blood pressure and anthropometric measurements at different visits are illustrated in Table S1 .
subjects reaching BP target at FU1
On the univariate level, no significant difference was found between patients who reached BP target at FU1 and those who did not in terms of gender (P=0.572), nationality (P=0.073), marital status (P=0.276), work status (P=0.371), health insurance (P=0.100), diabetes (P=0.537), or co-morbidities (P=0.891). The mean age of patients who reached BP target at FU1 was greater than that of those who did not (P=0.006). Of patients newly diagnosed with hypertension, 67.1% reached BP target at FU1 of compared to 58.4% of patients with uncontrolled hypertension (P=0.001). Moreover, we observed significant differences (P<0.05) in baseline weight, WC, SBP and DBP between patients who reached BP target at FU1 and those who did not. A detailed comparison between patients who reached BP target at FU1 vs those who did not is illustrated in Table S2 . Elderly patients with target (<150/90 mmHg) had the highest rate of reaching BP target at FU1 (72.5%) compared to patients with target (<140/90 mmHg) (60.1%) (P<0.001) (Table S3) .
After adjustment for covariates, only education level, hypertension diagnosis, age, WC at baseline, SBP at baseline, and DBP at baseline remained associated with target achievement at FU1 on the multivariate level (Table 4) .
subjects who reached BP target at FU2
No significant difference was found between patients who reached BP target at FU2 and those who did not in terms of gender (P=1.000), age (P=0.131), marital status (P=0.231), work status (P=0.945), health insurance (P=0.870), nor comorbidities (P=0.353). Lebanese patients had a higher rate of reaching BP target at FU2 (86.5%) as compared to Jordanian patients (76.2%) (P<0.001). Diabetes and CKD were associated with significantly lower rates of target achievement (P=0.004 and P=0.006 respectively). Eighty-six percent of patients with newly diagnosed hypertension reached their BP target at FU2 as compared to 77.6% of patients with uncontrolled hypertension (P<0. (Table S4) .
Among patients with different BP targets at baseline, the highest rate of BP target achievement at FU2 was in patients with target <150/90 mmHg (P=0.003). The highest rate of patients reaching BP target at FU2 was found among patients who reached BP target at FU1 (91.9%) and in those who had relatively lower CVS at FU1 (P<0.001). As expected, treatment adherence at FU1 was associated with higher rates of BP target achievement at FU2 (P=0.034) (Table S5) .
After adjustment for covariates, only nationality, hypertension diagnosis, CKD, BP target at baseline, SBP at FU1, and reaching target at FU1 remained associated with target achievement at FU2 on the multivariate level, where patients who reached BP targets at FU1 were 3.5 times more likely to reach their targets at FU2 than those who did not. Likewise, patients of Lebanese nationality, new hypertension diagnosis, no CKD, or BP target of <150/90 mmHg were twice as likely to achieve BP target at FU2. The detailed results of the logistic regression analysis are listed in Table 5 . subjects reaching BP target at FU1 and maintaining BP target at FU2
Only nationality and treatment adherence at FU1 were significantly associated with target maintenance till FU2. Further details on the association between target maintenance and patient characteristics are shown in Tables S6 and S7 . After adjustment for covariates, nationality and hypertension diagnosis were associated with target maintenance on the multivariate level (Table 6 ).
Discussion
The current work is a post hoc analysis on the same raw data of the already-published ADHERENCE study; however, patients were reclassified as treatment eligible/non-eligible and BP targets were re-evaluated based on the new guideline (JNC8). This has caused differences in the results because we were dealing with two different populations and assessing the new population based on criteria which are different from those used in the previous evaluation. This study is the first to analyze the impact of changes in recommendations for management of hypertension on treatment eligibility and target achievement in a population of Middle Eastern patients. Our findings indicated that increased rates of target BP attainment on the short term (FU1) were associated with older age, higher education levels, recent hypertension diagnosis and having lower SBP and DBP at baseline. However, the presence of hypertension comorbidities was not associated with a significant worsening of control rates. These data are in discordance with several observational studies, which reported that the existence of hypertension comorbidities is associated with poor medication adherence and challenging BP control. 18, 19 An interesting observation in our study is that the mean weight and WC of enrolled patients were significantly lower at FU2 visit than at baseline and FU1 visit. Along with the higher number of patients achieving BP control at FU2, these data confirm the value of lifestyle modification and weight reduction in BP control. 20, 21 In addition, we found that reaching the BP target and reporting of adequate treatment adherence at FU1 visit were significantly associated with better control at FU2 visit. This is in accordance with the former Lebanese I-PREDICT study, which showed that early control of BP was associated with good control maintenance. The study also concluded that the presence of diabetes was a predictor of poor control; 22 in our study, diabetes was significantly associated with BP target attainment at the second evaluation visit (6 months).
Of note, we detected significant differences between Lebanese and Jordanian patients in terms of target BP attainment and maintenance. For example, a significantly higher number of Lebanese patients achieved target BP at FU2 and maintained such attainment till FU2, compared to Jordanian patients. This confirms data in the literature that suggests that BP control varies between different cultures and raises the need for cross-cultural studies to elucidate the reasons underlying these differences. 23 Two groups of patients have been affected by the new JNC8 recommendation in our study: 1) Those who were treatment-eligible under the JNC7 guideline and are no longer considered for antihypertensive treatment (1.1% in the current analysis); and 2) those who were considered off-target based on JNC7 classification and were reclassified as on-target under the same treatment based on JNC8 classification (4.4% in this study). There is probably another group of patients who achieved target control using strict antihypertensive regimens under the JNC7 guideline and are now considered for less strict regimens or no treatment under the JNC8 recommendations. However, the assessment of these patients was not in the scope of our study.
A meta-analysis of data of 1 million adults showed that when BP increases above 115/75, the risk of CVD increases without threshold. 24 In 2016, the Systolic Blood Pressure Intervention Trial (SPRINT) was published, reporting that ambulatory patients >75 years of age should be treated to a SBP target of less than 120 mmHg. 25 In 2017, the American College of Cardiology and the American Heart Association recommended a target for BP control that is less than 130/80 mmHg. 26 These recent data may contribute to a revision of the JNC8 guideline in the near future.
Our study had some limitations. For a start, enrolled patients in this study were recruited from hospitals and private clinics, limiting the generalizability of our findings to the general population. Second, the diagnosis of diabetes and CKD was based on self-reporting, which may undermine the prevalence of both conditions in our sample. Moreover, one limitation of this study was the performance of single office blood pressure measurement at each visit instead of ambulatory blood pressure monitoring, which could interfere with the reproducibility of measurements. Other limitations stem from the cross-sectional design of our study, such as the failure to account for changes in BP parameters over the long term. Due to limitations inherent to observational studies, our findings are limited to association and causality may not be inferred.
Conclusion
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